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Background/Objective

We aimed to explore the prognostic value of regression rate (RR) of plasma Epstein–Barr virus (EBV) DNA after induction chemotherapy (IC) in patients with stages II–IVA nasopharyngeal carcinoma (NPC).



Methods

Eligible patients receiving IC followed by concurrent chemoradiotherapy were included. The cut-off value of pre-treatment EBV DNA (pre-IC DNA) and RR were identified by receiver operating curve (ROC). Recursive partitioning analysis (RPA) was applied to create new staging. Harrell’s c-index and time-independent ROC were employed to compare different RPA staging.



Results

In total, 1,184 patients were included. The cut-off values of pre-IC DNA and RR were 16,200 copies/ml and 95.127% for patients receiving two cycles, and 5,520 copies/ml and 99.994% for those receiving three cycles. Notably, we only focused on patients receiving two cycles of IC. Patients with a RR >95.127% had significantly better 5-year overall survival (OS) than those with a RR ≤95.127% (86.2% vs. 54.3%, P <0.001). Then, RPA1 (pre-IC DNA + TNM staging + RR) and RPA2 (pre-IC DNA + TNM staging + post-IC EBV DNA [post-IC DNA]) staging systems were created. RPA1 staging achieved stronger power in OS prediction than RPA2 staging and TNM staging (c-index: 0.763 [0.714–0.812] vs. 0.735 [0.684–0.786] vs. 0.677 [0.604–0.749]; AUC: 0.736 vs. 0.714 vs. 0.628), indicating that RR had stronger prognostic power than post-IC DNA. Moreover, patients with stages III–IVRPA1 could benefit from high concurrent cumulative platinum dose (≥160 mg/m2).



Conclusion

RR in conjunction with current TNM staging could better conduct risk stratification, prognosis prediction and help to guide precise concurrent chemotherapy.
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Background

Recent epidemiological data on nasopharyngeal carcinoma (NPC) shows that its incidence in China accounts for nearly 50% of new cases worldwide (1). More than 70% of newly diagnosed cases present with locoregionally advanced disease (2), and induction chemotherapy (IC) followed by concurrent chemoradiotherapy (CCRT) has been established as the preferable treatment for this subpopulation based on recent clinical trials (3–7). However, long-term follow-up results from these trials showed that nearly 30% of patients would eventually experience treatment failure (5, 8). Therefore, it’s still important to investigate powerful prognostic factors which could help to identify high-risk patients and make precisely post-IC or post-CCRT treatments selection.

During the past two decades, plasma Epstein–Barr virus (EBV) DNA has been proven to be a robust prognostic factor in NPC (9–13). The wide application of plasma EBV DNA in clinical practice has made NPC a more controllable and chronic malignancy. Recent studies showed that the response of plasma EBV DNA to IC could predict the prognosis of patients receiving IC (i.e., patients with detectable plasma EBV DNA after IC [post-IC DNA] achieved significantly worse survival outcomes than those with undetectable post-IC DNA) (14, 15). These findings provided a feasible and effective way to conduct risk stratification during the course of treatment, therefore allowing the timely adjustment of subsequent treatments. However, do all patients with detectable post-IC DNA have poor outcomes? Clinical practice showed that a proportion of patients with high pre-treatment plasma EBV DNA (pre-IC DNA) but very low detectable post-IC DNA also achieved satisfactory outcomes. Therefore, it may not be ideal to employ detectable/undetectable as the threshold for post-IC DNA in performing prognosis prediction and risk stratification without considering pre-IC DNA.

Previous study pointed out that the clearance rate of plasma EBV DNA was correlated with tumor response and survival for metastatic/recurrent NPC patients (16). Here, we explored and validated regression rate (RR), which is defined as the change rate of plasma EBV DNA load after IC, as the threshold for post-IC EBV DNA and conduct this study to explore and validate the prognostic value of RR. Moreover, our study will also compare the prognostic ability of RR with previously reported threshold (detectable/undetectable) for post-IC DNA.



Materials and Methods


Study Patient

All patients recruited for this study were treated between 2009 and 2015 at our center and data were retrospectively collected. Patients meeting the following criteria were included: (i) newly diagnosed stages II–IVA disease (8th edition TNM staging system); (ii) treated by IC plus CCRT; (iii) IC cycle should be two or three; (iv) the concurrent chemotherapy regimen should be tri-weekly or weekly cisplatin/nedaplatin; (v) data on pre-IC DNA and post-IC DNA were available; (vi) receiving radical radiotherapy (≥66 Gy); (vii) adjuvant chemotherapy was not allowed. This study was approved by the Research Ethics Committee of Sun Yat-sen University Cancer Center and informed consent was obtained from all patients before treatment.



Study Data Deposit

The authenticity of this article has been validated by uploading the key raw data onto the Research Data Deposit (RDD) public platform (www.researchdata.org.cn), with the approval RDD number as RDDA2020001461.



Staging Workup

Pre-treatment evaluation for tumor staging at our center included imaging methods, plasma EBV DNA load and physical examination of head and neck. Imaging methods included nasopharyngoscopy, magnetic resonance imaging (MRI) of head and neck, chest radiography or computed tomography (CT), abdominal ultrasound or CT, whole-body bone scan or positron emission tomography (PET)-CT. Imaging information were reviewed by two radiologists (Y-XM and X-HW) at our center, and all patients were staged according to the 8th edition of the International Union against Cancer/American Joint Committee on Cancer (UICC/AJCC) staging system (17).



Plasma EBV DNA Quantification

Real-time quantitative polymerase chain reaction (qPCR) was used to quantify plasma EBV DNA load and the procedure was performed as previously described (18). Briefly, peripheral blood samples (about 3 ml) before IC and 7–21 days after IC were collected from each patient. Total DNA was extracted from 500 ul blood sample and the BamH I-W region of EBV genome was targeted for qPCR assay. The RR was calculated using the following equation: RR = (Cpre-IC DNA − Cpost-IC DNA)/Cpre-IC DNA × 100%, in which Cpre-IC DNA represented the load before IC while Cpost-IC DNA represented the load after IC. Of note, RR was not calculated for patients with undetectable pre-IC DNA.



Induction and Concurrent Chemotherapy

IC was delivered every 3 weeks for two to three cycles. The IC regimens were platinum-based chemotherapy consisting of gemcitabine plus cisplatin/nedaplatin (GP), docetaxel plus cisplatin/nedaplatin (TP), 5-fluorouracil plus cisplatin/nedaplatin (PF) or triple combination of docetaxel plus 5-fluorouracil with cisplatin/nedaplatin (TPF). Notably, IC may also be delivered to patients with stage II disease in our center if they have pre-treatment EBV DNA load >4,000 copies/ml or large metastatic lymph node sizes (>3 cm but <6 cm), because patients with these two factors have high risk of developing distant metastasis. Concurrent chemotherapy was single-agent cisplatin/nedaplatin delivered during radiotherapy every three weeks (80–100 mg/m2) for one to three cycles or every week (20–40 mg/m2) for one to seven cycles.



Radiotherapy

All patients received intensity-modulated radiotherapy (IMRT) delivered by simultaneous integrated boost (SIB). Prescribed radiation dose was 68–70 Gy/30–33 f to the planning tumor volume (PTV) of primary tumor, 64–70 Gy/30–33 f to the PTV of metastatic lymph node, 60–63 Gy/28–33 f to the PTV of high-risk clinical target volume and 50–56 Gy/28–33 f to the PTV of low-risk clinical target volume.



Follow-Up and Study Endpoints

According to the guidelines of our center, patients were followed every 3–6 months during the first 2 years, then 6–12 months during the third to fifth year and every year thereafter. Follow-up workups included physical examination, imaging methods (MRI of head and neck, chest radiography or CT, abdominal ultrasound or CT, whole-body bone scan) and plasma EBV DNA. Local or regional recurrence was diagnosed by pathology whenever possible, while distant metastasis was mainly confirmed by imaging findings if pathology was unavailable.

Endpoints evaluated in our study included overall survival (OS, time interval between diagnosis and death from any cause), disease-free survival (DFS, defined as time interval between diagnosis and disease progression including non-cancer death), distant failure-free survival (DFFS, time interval between diagnosis and distant failure) and locoregional failure-free survival (LRFFS, time interval between diagnosis and local or regional failure or both).



Statistical Method

Difference of categorical and continuous variables between groups were compared using Chi-square or Fisher’s exact test and non-parametric test, respectively. To identify the threshold values for pre-IC DNA and RR that were most closely associated with OS, we employed receiver operating curve (ROC) analysis. The values with the biggest AUCs (sensitivity plus specificity) were selected as the cut-off values for model construction. Survival outcomes were established by Kaplan–Meier method and differences were compared by Log-rank test. Independent prognostic factors and corresponding hazard ratios (HRs) and 95% confidence intervals (CIs) were identified by Cox proportional hazard model. Patients were subdivided into different risk groups based on pre-IC DNA and RR. Recursive partitioning analysis (RPA) for OS was applied to create new staging systems on the basis of TNM staging, pre-IC DNA and post-IC DNA or RR. To compare the prognostic ability of RR with post-IC DNA (detectable/undetectable), we would build two RPA staging systems using these factors. Harrell’s C-index and time-independent ROC were employed to compare their prognostic ability. To avoid overfitting, we assessed internal validity with a bootstrapping procedure to calculate the relatively adjusted C-index and 5-year ROC for estimate of the performance of these factors in similar future patients. In the bootstrapping validation, the random resampling size was equal to the sample size of the original set and duplicates were allowed. To obtain a more comprehensive measure, we conducted the above procedure 10 times and presented the average value as well as the range of the results. All tests were two-sided and P <0.05 was considered significant. R software (version 3.6.3, http://www.Rproject.org) and Stata Statistical Package 12 (StataCorp LP, College Station, TX, USA) were used for all analyses.




Results


Patient Information

In total, 1,184 patients treated between October 2009 and December 2015 were included in this study (Supplementary Figure S1). The baseline information of these patients are presented in Supplementary Table S1. There were 878 (74.2%) male patients, and the median age for the whole cohort was 43 (range, 7–76) years. Approximately half of the patients were stage IVA (597, 50.4%) with the remaining patients divided between Stages III (496, 41.9%) and II (91, 7.7%). For IC regimen, most patients were treated with TPF (716, 60.5%) while the remainder were split between TP (115, 9.7%), PF (296, 25.0%), and GP (57, 4.8%). Moreover, 625 (52.8%) patients received two cycles and 559 (47.2%) patients received three cycles of IC. Median cumulative platinum dose (CPD) was 160 mg/m2 (range, 20–300 mg/m2).

Median follow-up duration of the cohort was 62.5 (range, 4.3–121.8) months. In total, 231 (19.5%) patients developed distant failure, 108 (9.1%) experienced local recurrence, 90 (7.6%) suffered regional recurrence and 277 (23.4%) patients died. An estimated 5-year OS, DFS, DFFS and LRFFS rates were 80.7, 72.2, 81.0 and 86.3%, respectively (Supplementary Figure S2).



Pre-IC DNA, Post-IC DNA and RR

In our study, the plasma EBV DNA levels after the 2nd cycle of IC were used for analysis for patients receiving two cycles of IC while the corresponding levels after 3rd cycle of IC were used for those receiving three cycles. Among the 1,184 patients, 201 (17.0%) had undetectable pre-IC DNA and 859 (72.6%) had undetectable post-IC DNA (baseline information between undetectable and detectable post-IC patients were shown in Supplementary Table S2). Median pre-IC DNA and post-IC DNA load were 6,870 copies/ml (range, 0–19,500,000 copies/ml) and 0 copy/ml (range, 0–61,600,000 copies/ml), respectively. Of the 859 patients with detectable pre-IC DNA, 675 (68.9%) had undetectable post-IC DNA. A small portion (61, 5.2%) of patients experienced increases in their post-IC DNA levels compared to pre-IC DNA levels which were undetectable in 17 (1.4%) and detectable in 44 (3.7%) patients, respectively.

Of the 983 patients with detectable pre-IC DNA levels, the interquartile range of RR was 97.5 to 100% and median RR was complete response (100% decline) for all regimens (TPF [interquartile range, 99.4 to 100%], PF [interquartile range, 96.8 to 100%], TP [interquartile range, 90.8 to 100%], GP [interquartile range, 97.8 to 100%]). RR was comparable for all regimens with no regimen significantly better or worse (all P >0.05, Supplementary Table S3 and Figure 1A). However, duration of chemotherapy was marginally significant with patients receiving two vs three cycles of IC having slightly different rates of decline (P = 0.052; Figure 1B).




Figure 1 | (A) Waterfall plot of decrease rate for each patient between different induction chemotherapy regimens; TPF, docetaxel plus cisplatin/nedaplatin and 5-fluorouracil; PF, cisplatin/nedaplatin plus 5-fluorouracil; TP, docetaxel plus cisplatin/nedaplatin; GP, gemcitabine plus cisplatin; (B) Waterfall plot of decrease rate for each patient between different cycles.





Cut-Off Value of Pre-IC DNA, Post-IC DNA and RR

Given the potential effect of IC cycle on RR, we explored the role of RR in patients receiving two and three cycles separately. The cut-off value of pre-IC DNA was 16,200 copies/ml (area under curve [AUC] = 0.665; Figure 2A) for patients receiving two cycles and 5,520 copies/ml (AUC = 0.649; Figure 2B) for those receiving three cycles. Moreover, the corresponding cut-off values of RR was 95.127% (AUC = 0.633; Figure 2C) and 99.994% (AUC = 0.673; Figure 2D). For post-IC DNA, 0 copy/ml would be used as the cut-off value. Univariate survival analysis showed that all the four cut-off values had strong power in stratifying patients into different risk groups which achieved significantly different OS (Supplementary Figure S3). Moreover, patients with detectable post-IC DNA had significantly worse OS, DFS, DFFS and LRFFS than those with undetectable post-IC DNA (Supplementary Figure S4). For those receiving two cycles of IC, patients with a RR >95.127% had significantly better a 5-year OS rate than those with a RR ≤95.127% (86.2% vs. 54.3%, P <0.001). Because the cut-off value of RR in patients receiving three cycles of IC was too close to 100% (namely undetectable) and only one patient had a RR between 99.994 and 100% (the other were 100%), we would not discuss the role of RR in this subpopulation.




Figure 2 | ROCs for identifying cut-off values of pre-IC DNA and RR. (A) Pre-IC DNA in patients receiving 2 cycles of IC; (B) Pre-IC DNA in patients receiving 3 cycles of IC; (C) RR in patients receiving 2 cycles of IC; (D) RR in patients receiving 3 cycles of IC. ROC, receiver operating curve; pre-IC DNA, pre-treatment Epstein-Barr virus DNA; RR, decrease rate; IC, induction chemotherapy; AUC, area under curve.





Prognostic Value of RR in Patients Receiving Two Cycles of IC

Based on pre-IC DNA and RR, patients were stratified into eight groups (Supplementary Table S4) and their baseline information are presented in Supplementary Table S5. Univariate survival outcomes of these eight groups are shown in Supplementary Figure S5 and Supplementary Table S6. As shown, survival outcomes were not significantly different between groups 3 and 4 and between groups 6 and 7, indicating that patients with a RR between 95.127 and 100% also could achieve comparable outcomes as those with a RR = 100%. As expected, groups 1, 3 and 4 had significantly better survival outcomes than the other groups, and group 8 achieved the worst outcomes with the 5-year OS of 39.1%. Multivariate analysis also found similar results (Supplementary Table S7).

Based on TNM staging and the risk groups, we created one RPA staging system which consisted of four groups (RPA1, Table 1 and Figure 3A). We also built another RPA staging system on the basis of TNM staging, post-IC DNA (detectable vs. undetectable) and pre-IC DNA (RPA2, Table 1 and Figure 3B). The 5-year OS rates were 91.8, 85.7, 66.9 and 39.1% for stages I, II, III, and IV of the RPA1 staging system respectively (Figure 4 and Supplementary Table S8); and were 93.8, 79.8%, 79.8, and 60.8% for stages I, II, III, and IV of the RPA2 staging system (Supplementary Figure S6 and Supplemetary Table S8).


Table 1 | Definition of different RPA staging.






Figure 3 | Recursive partitioning analysis to create new staging system after combining decrease rate (A) or post-IC DNA (B) with pre-IC DNA and TNM staging. (A) RPA1 staging system; (B) RPA2 staging system. Pre-IC DNA, pre-treatment Epstein-Barr virus DNA; RR, decrease rate; Post-IC DNA, plasma Epstein-Barr virus DNA after induction chemotherapy.






Figure 4 | Kaplan-Meier survival curves of (A) overall survival, (B) disease-free survival, (C) distant failure-free survival and (D) locoregional failure-free survival between different risk groups of RPA1 staging.



The c-indexes of 5-year OS and DFS were 0.763 (0.714–0.812) and 0.731 (0.684–0.778) for RPA1 staging, 0.735 (0.684–0.786) and 0.698 (0.650–0.747) for RPA2 staging and 0.677 (0.604–0.749) and 0.631 (0.565–0.696) for TNM staging (Supplementary Table S9). With regard to time-independent ROC analysis, the AUCs of 5-year OS ROCs were 0.736 for RPA1 staging, 0.714 for RPA2 staging and 0.628 for TNM staging (Figure 5). Also, RPA1 staging achieved the highest AUCs for the other survival endpoints (Figure 5). Obviously, RPA1 staging achieved the best prognostic discrimination power, indicating that RR outperformed post-IC DNA (detectable vs. undetectable) and further supporting the notion that RR could serve as a powerful prognostic factor and a supplement to TNM staging.




Figure 5 | Time-independent ROCs of different staging. (A) 5-year overall survival; (B) 5-year disease-free survival; (C) 5-year distant failure-free survival; (D) 5-year locoregional failure-free survival. ROC, receiver operating curve; AUC, area under curve.



To avoid overfitting of our model, we performed random bootstrap analysis to validate the thresholds for pre-IC DNA and RR, and then validate our model. We first performed bootstrap analysis 100 times and the corresponding thresholds were shown in Supplementary Table S10. The average threshold of Pre-IC DNA was 16,060 copies/ml which was very close to our previously identified threshold which was calculated based the whole cohort (16,200 copies/ml). With regard to RR, its threshold had a 37% repeatability and the average threshold was 95.163% which is also very close to our previous threshold (95.127%). These results suggested that our models built on these thresholds were valid and reproducible.

Next, we presented the c-indexes and AUCs of the first ten analyses (Supplementary Tables S11, S12) and only showed one of them here. The c-indexes of 5-year OS and DFS were 0.771 (0.721–0.822) and 0.744 (0.697–0.791) for RPA1 staging, 0.749 (0.696–0.801) and 0.724 (0.675–0.773) for RPA2 staging, and 0.674 (0.600–0.749) and 0.664 (0.600–0.729) for TNM staging (Supplementary Table S12). With regard to time-independent ROC analysis, the AUCs of 5-year OS ROCs were 0.74 for RPA1 staging, 0.712 for RPA2 staging and 0.611 for TNM staging (Supplementary Table S11 and Supplementary Figure S7). RPA1 also achieved the highest AUCs for the other endpoints (Supplementary Figure S7). These results further suggested that RPA1 staging had the strongest power.

After risk stratification, we further evaluated whether the RPA staging could predict the benefit of cumulative platinum dose (CPD). When stratified by TNM staging, patients could not benefit from high CPD (≥160 mg/m2; Supplementary Figure S8). When stratified by RPA1 staging, patients with stages III–IVRPA1 could obtain OS (5-year: 65.6% vs. 35.8%, P = 0.01) and DFS (5-year: 52.3% vs. 32.7%, P = 0.043; Figure 6) benefits from high CPD while patients with stages I–IIRPA1 could not (Supplementary Figure S9). Results of multivariate analysis also confirmed these findings (Supplementary Tables S13, S14).




Figure 6 | Kaplan-Meier curves of (A) overall survival, (B) disease-free survival, (C) distant failure-free survival and (D) locoregional failure-free survival for patients with stage III-IVRPA1 receiving cumulative platinum dose < or ≥ 160 mg/m2.






Discussion

To the best of our knowledge, our current study is the first one to explore the prognostic value of RR of post-IC plasma EBV DNA in patients with stages II–IVA NPC receiving two cycles of IC and found that patients with a RR >95.127% achieved significantly better survival outcomes than those with a RR ≤95.127%. Based on pre-IC DNA, RR and TNM staging, we created a new RPA staging system which stratified patients into four risk groups and outperformed TNM staging. By comparing RPA1 staging with RPA2 staging, we demonstrated that RR had stronger prognostic power than post-IC DNA (detectable vs. undetectable). Moreover, the RPA1 staging could predict the benefit of CPD (≥ vs. <160 mg/m2).

We should pointed out that it may be inappropriate to compare our RPA staging with TNM staging because the former included prognostic factors both before and post treatment while the latter only included pre-treatment factors. However, this should not affect our conclusions since the main purpose of our study is to determine the prognostic value of RR and evaluate whether it could serve as a complement to the TNM staging to improve its power in prognosis prediction. Our results truly revealed that the new RPA staging after integration of RR has stronger power than the TNM staging alone. These results indicated that RR could serve as a complement to TNM staging to predict post-treatment prognosis.

The monitoring of plasma EBV DNA before, during and after treatment has improved prognostication and enabled careful treatment selection such as personalized IC (19, 20). Recent reports on plasma EBV DNA showed that post-IC DNA could act as a strong prognostic biomarker for patients receiving IC plus CCRT (14, 15, 21, 22). These findings provided new insights into the supervision of treatment efficacy and risk stratification during treatment, therefore allowing timely modifications of subsequent treatments. However, previous threshold used for post-IC DNA is usually detectable/undetectable (13–15) which may be insufficient to identify whether patients were sensitive to treatment. For example, patients experiencing dramatic decrease in plasma EBV DNA after IC (i.e., very high pre-IC DNA but very low post-IC DNA) may also be sensitive to treatment although they did not have undetectable post-IC DNA. Actually, this has been proved by our results that patients in group 7 (high pre-IC DNA but low post-IC DNA) had comparable survival outcomes to those in group 6 (high pre-IC DNA and undetectable post-IC DNA). Moreover, we further proved that RR had stronger power than post-IC DNA (detectable vs. undetectable) in risk stratification by establishing and comparing two RPA staging systems (c-index: 0.763 vs. 0.735; 5-year OS AUC: 0.736 vs. 0.714). Together, these findings suggest that RR may be a better indicator to identify those who were sensitive or insensitive to treatments.

Our results showed that patients receiving three cycles of IC had marginally higher RR than those receiving two cycles (P = 0.052). To avoid potential impact of IC cycle on our model, we therefore constructed models separately among patients receiving two and three cycles. The underlying biological explanation for the difference, if there is one, may be that some patients have relatively slow but sustained response to IC, meaning that some patients could still response to the third cycle of IC. However, recent evidences suggested that patients achieved complete biological response (undetectable plasma EBV DNA) after two cycles of IC could not benefit from three or more cycles of IC (21). Therefore, it may be better to perform treatment efficacy evaluation after two cycles to evaluate whether some patients still need the third cycle of IC. Possibly, patients with RR less than 95.127% after two cycles of IC may be suitable to receive three cycles of IC. One thing should be pointed out is that we did not evaluate the prognostic value of RR in patients receiving three cycles of IC because the cut-off value of 99.994% is too close to 100% which represents undetectable post-IC DNA. Moreover, only one patient in our study had a RR between 99.994 and 100%, meaning that the RPA staging system built on RR almost does not differ from that built on post-IC DNA. In light of this, it may be redundant to build a model using RR but not post-IC DNA for patients receiving three cycles of IC.

CPD has been proven as an important treatment consideration in NPC (23). In light of this, the purpose of investigating RR is not only to conduct post-IC risk stratification but also to guide accurate selection for concurrent chemotherapy. Therefore, our study identified the subpopulation who could benefit from high CPD (≥160 mg/m2) according to RPA1 staging. As shown, the TNM staging failed to predict the benefit of high CPD. When stratified by RPA1 staging, patients with stage III-IVRPA1 could benefit from high CPD while those with stages I–II could not. This evidence further supports that RR may be an ideal biomarker for risk stratification and precise treatment selection.

One main strength of our study is that all patients were treated by IC plus CCRT and the radiotherapy was delivered using IMRT, which could reduce treatment-related bias. Limitations should also be acknowledged. First, the retrospective nature may subject our study to potential bias. Second, IC regimens were different. However, this should not affect our results because OS and RRs were comparable between the four IC regimens. Third, nedaplatin was used concurrently with radiotherapy. One recent clinical trial showed that nedaplatin had similar efficacy but less toxicities compared with cisplatin (24). Therefore, the usage of nedaplatin should have no or very limited impact on our findings. Finally, large sample size may be needed to further address the role of RR in patients receiving three cycles of IC.



Conclusion

Overall, our current study explored and validated the role of RR for patients with stages II–IVA NPC receiving two cycles of IC in the era of IMRT. The established RPA1 staging based on RR, pre-IC DNA and TNM staging could help to identify risk stratification and guide precise concurrent chemotherapy.
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Supplementary Figure 7 | Time-independent OS, DFS, DFFS and LRRFS ROCs of different staging in boostrap analysis. ROC, receiver operating curve; AUC, area under curve; OS, overall survival; DFS, disease-free survival; DFFS, distant failure-free survival; LRRFS, locoregional relapse-free survival.

Supplementary Figure 8 | Kaplan-Meier curves of overall survival between patients with a cumulative platinum dose < or ≥ 160 mg/m2 within different stages. (A) Stage II; (B) Stage III; (C) Stage IVA; (D) Stage II/III; (E) Stage II/IVA; (F) Stage III/IVA.

Supplementary Figure 9 | Kaplan-Meier curves of (A) overall survival, (B) disease-free survival, (C) distant failure-free survival and (D) locoregional failure-free survival between patients with stage I-IIRPA1 receiving a cumulative platinum dose < or ≥ 160 mg/m2.



References

1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68:394–424. doi: 10.3322/caac.21492

2. Mao, YP, Liang, SB, Liu, LZ, Chen, Y, Sun, Y, Tang, LL, et al. The N Staging System in Nasopharyngeal Carcinoma With Radiation Therapy Oncology Group Guidelines for Lymph Node Levels Based on Magnetic Resonance Imaging. Clin Cancer Res (2008) 14:7497–503. doi: 10.1158/1078-0432.CCR-08-0271

3. Cao, SM, Yang, Q, Guo, L, Mai, HQ, Mo, HY, Cao, KJ, et al. Neoadjuvant Chemotherapy Followed by Concurrent Chemoradiotherapy Versus Concurrent Chemoradiotherapy Alone in Locoregionally Advanced Nasopharyngeal Carcinoma: A Phase III Multicentre Randomised Controlled Trial. Eur J Cancer (2017) 75:14–23. doi: 10.1016/j.ejca.2016.12.039

4. Frikha, M, Auperin, A, Tao, Y, Elloumi, F, Toumi, N, Blanchard, P, et al. A Randomized Trial of Induction Docetaxel-Cisplatin- 5fu Followed by Concomitant Cisplatin-RT Versus Concomitant Cisplatin-RT in Nasopharyngeal Carcinoma (GORTEC 2006-02). Ann Oncol (2018) 29:731–6. doi: 10.1093/annonc/mdx770

5. Li, WF, Chen, NY, Zhang, N, Hu, GQ, Xie, FY, Sun, Y, et al. Concurrent Chemoradiotherapy With/Without Induction Chemotherapy in Locoregionally Advanced Nasopharyngeal Carcinoma: Long-Term Results of Phase 3 Randomized Controlled Trial. Int J Cancer (2019) 145:295–305. doi: 10.1002/ijc.32099

6. Sun, Y, Li, WF, Chen, NY, Zhang, N, Hu, GQ, Xie, FY, et al. Induction Chemotherapy Plus Concurrent Chemoradiotherapy Versus Concurrent Chemoradiotherapy Alone in Locoregionally Advanced Nasopharyngeal Carcinoma: A Phase 3, Multicentre, Randomised Controlled Trial. Lancet Oncol (2016) 17:1509–20. doi: 10.1016/S1470-2045(16)30410-7

7. Zhang, Y, Chen, L, Hu, GQ, Zhang, N, Zhu, XD, Yang, KY, et al. Gemcitabine and Cisplatin Induction Chemotherapy in Nasopharyngeal Carcinoma. N Engl J Med (2019) 381:1124–35. doi: 10.1056/NEJMoa1905287

8. Yang, Q, Cao, SM, Guo, L, Hua, YJ, Huang, PY, Zhang, XL, et al. Induction Chemotherapy Followed by Concurrent Chemoradiotherapy Versus Concurrent Chemoradiotherapy Alone in Locoregionally Advanced Nasopharyngeal Carcinoma: Long-Term Results of a Phase III Multicentre Randomised Controlled Trial. Eur J Cancer (2019) 119:87–96. doi: 10.1016/j.ejca.2019.07.007

9. Chan, AT, Lo, YM, Zee, B, Chan, LY, Ma, BB, Leung, SF, et al. Plasma Epstein-Barr Virus DNA and Residual Disease After Radiotherapy for Undifferentiated Nasopharyngeal Carcinoma. J Natl Cancer Inst (2002) 94:1614–9. doi: 10.1093/jnci/94.21.1614

10. Leung, SF, Chan, AT, Zee, B, Ma, B, Chan, LY, Johnson, PJ, et al. Pretherapy Quantitative Measurement of Circulating Epstein-Barr Virus DNA Is Predictive of Posttherapy Distant Failure in Patients With Early-Stage Nasopharyngeal Carcinoma of Undifferentiated Type. Cancer (2003) 98:288–91. doi: 10.1002/cncr.11496

11. Lin, JC, Wang, WY, Chen, KY, Wei, YH, Liang, WM, Jan, JS, et al. Quantification of Plasma Epstein-Barr Virus DNA in Patients With Advanced Nasopharyngeal Carcinoma. N Engl J Med (2004) 350:2461–70. doi: 10.1056/NEJMoa032260

12. Lo, YM, Chan, LY, Chan, AT, Leung, SF, Lo, KW, Zhang, J, et al. Quantitative and Temporal Correlation Between Circulating Cell-Free Epstein-Barr Virus DNA and Tumor Recurrence in Nasopharyngeal Carcinoma. Cancer Res (1999) 59:5452–5.

13. Peng, H, Guo, R, Chen, L, Zhang, Y, Li, WF, Mao, YP, et al. Prognostic Impact of Plasma Epstein-Barr Virus DNA in Patients With Nasopharyngeal Carcinoma Treated Using Intensity-Modulated Radiation Therapy. Sci Rep (2016) 6:22000. doi: 10.1038/srep22000

14. Huang, CL, Sun, ZQ, Guo, R, Liu, X, Mao, YP, Peng, H, et al. Plasma Epstein-Barr Virus DNA Load After Induction Chemotherapy Predicts Outcome in Locoregionally Advanced Nasopharyngeal Carcinoma. Int J Radiat Oncol Biol Phys (2019) 104:355–61. doi: 10.1016/j.ijrobp.2019.01.007

15. Liu, LT, Tang, LQ, Chen, QY, Zhang, L, Guo, SS, Guo, L, et al. The Prognostic Value of Plasma Epstein-Barr Viral DNA and Tumor Response to Neoadjuvant Chemotherapy in Advanced-Stage Nasopharyngeal Carcinoma. Int J Radiat Oncol Biol Phys (2015) 93:862–9. doi: 10.1016/j.ijrobp.2015.08.003

16. Wang, WY, Twu, CW, Chen, HH, Jan, JS, Jiang, RS, Chao, JY, et al. Plasma EBV DNA Clearance Rate as a Novel Prognostic Marker for Metastatic/Recurrent Nasopharyngeal Carcinoma. Clin Cancer Res (2010) 16:1016–24. doi: 10.1158/1078-0432.CCR-09-2796

17. Pan, JJ, Ng, WT, Zong, JF, Chan, LL, O’Sullivan, B, Lin, SJ, et al. Proposal for the 8th Edition of the AJCC/UICC Staging System for Nasopharyngeal Cancer in the Era of Intensity-Modulated Radiotherapy. Cancer (2016) 122:546–58. doi: 10.1002/cncr.29795

18. Shao, JY, Zhang, Y, Li, YH, Gao, HY, Feng, HX, Wu, QL, et al. Comparison of Epstein-Barr Virus DNA Level in Plasma, Peripheral Blood Cell and Tumor Tissue in Nasopharyngeal Carcinoma. Anticancer Res (2004) 24:4059–66.

19. Peng, H, Chen, L, Li, WF, Guo, R, Zhang, Y, Zhang, F, et al. Prognostic Value of Neoadjuvant Chemotherapy in Locoregionally Advanced Nasopharyngeal Carcinoma With Low Pre-Treatment Epstein-Barr Virus DNA: A Propensity-Matched Analysis. J Cancer (2016) 7:1465–71. doi: 10.7150/jca.15736

20. Zhang, J, Peng, H, Li, WF, Zhang, Y, Liu, LZ, Tian, L, et al. Individualized Induction Chemotherapy by Pre-Treatment Plasma Epstein-Barr Viral DNA in Advanced Nasopharyngeal Carcinoma. BMC Cancer (2018) 18:1276. doi: 10.1186/s12885-018-5177-9

21. Lv, J, Chen, Y, Zhou, G, Qi, Z, Tan, KRL, Wang, H, et al. Liquid Biopsy Tracking During Sequential Chemo-Radiotherapy Identifies Distinct Prognostic Phenotypes in Nasopharyngeal Carcinoma. Nat Commun (2019) 10:3941. doi: 10.1038/s41467-019-11853-y

22. Chen, FP, Huang, XD, Lv, JW, Wen, DW, Zhou, GQ, Lin, L, et al. Prognostic Potential of Liquid Biopsy Tracking in the Posttreatment Surveillance of Patients With Nonmetastatic Nasopharyngeal Carcinoma. Cancer (2020) 126(10):2163–73. doi: 10.1002/cncr.32770

23. Peng, H, Chen, L, Zhang, Y, Li, WF, Mao, YP, Zhang, F, et al. Prognostic Value of the Cumulative Cisplatin Dose During Concurrent Chemoradiotherapy in Locoregionally Advanced Nasopharyngeal Carcinoma: A Secondary Analysis of a Prospective Phase III Clinical Trial. Oncologist (2016) 21:1369–76. doi: 10.1634/theoncologist.2016-0105

24. Tang, LQ, Chen, DP, Guo, L, Mo, HY, Huang, Y, Guo, SS, et al. Concurrent Chemoradiotherapy With Nedaplatin Versus Cisplatin in Stage II-IVB Nasopharyngeal Carcinoma: An Open-Label, Non-Inferiority, Randomised Phase 3 Trial. Lancet Oncol (2018) 19:461–73. doi: 10.1016/S1470-2045(18)30104-9



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Peng, Chen, Wang, Mo and Han. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-11-689593-g005.jpg
True positive rate (%)

True positive rate (%)

A somrs

)

o @ & w0
Faisoposiive ate (%)

True positive rate (%)

EE IR
s positve rate (%)

—— nue 0
—— wsos

“© s s 100
Dol Bation et O

ENE G
i ok rakh B





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Prognostic Value of Regression Rate of Plasma EBV DNA After Induction Chemotherapy for Stage II-IVA Nasopharyngeal Carcinoma

      

        		

          Background/Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Background

        



        		

          Materials and Methods

        

          		

            Study Patient

          



          		

            Study Data Deposit

          



          		

            Staging Workup

          



          		

            Plasma EBV DNA Quantification

          



          		

            Induction and Concurrent Chemotherapy

          



          		

            Radiotherapy

          



          		

            Follow-Up and Study Endpoints

          



          		

            Statistical Method

          



        



        



        		

          Results

        

          		

            Patient Information

          



          		

            Pre-IC DNA, Post-IC DNA and RR

          



          		

            Cut-Off Value of Pre-IC DNA, Post-IC DNA and RR

          



          		

            Prognostic Value of RR in Patients Receiving Two Cycles of IC

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc.2021.689593_cover.jpg
’ frontiers
in Oncology

Prognostic Value of Regression Rate
of Plasma EBV DNA After Induction
Chemotherapy for Stage II-IVA
Nasopharyngeal Carcinoma





OEBPS/Images/fonc-11-689593-g003.jpg
Rk

r—
3
|
-
=
i o

—
=
=
S -
B

-
=
e






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-689593-g001.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-689593-g002.jpg
‘Sensiiaty (%)

AUC = 0665
Sensitviy = 0.5405
Specifity = 0.7212

Sonsitviy (%)

AUC = 0649

Sensitviy = 0.7567
Specifcity = 0.483

SehaRy V%)
5 8 8 8§

W 8 80 100
100-Spacitety (%)

‘Specifcty = 0.8488

‘Sonsitiy (%)

% 8 100

100-Specifty (%)

AuC=0673
Sensitviy = 0.5207
Specifiy = 0.812

W0 6 80 10
100-Specificity (%)

% 80 100

100-Specificity (%)





OEBPS/Images/fonc-11-689593-g004.jpg





OEBPS/Images/table1.jpg
Staging Definition Classification 5-year OS

RPA1 1) NO-1, Pre-IC DNA < 16200 copies/ml | 91.8%
2) NO-1, RR > 95.127%
1) N2-3, Pre-IC DNA =0 I 85.7%
2) N2-3, 0 < Pre-IC DNA < 16200 copies/ml, RR > 95.127%
1) N2-3, 0 < Pre-IC DNA < 16200 copies/ml, RR < 95.127% 1} 66.9%
2) N2-3, Pre-IC DNA > 16200 copies/ml, RR > 95.127%
Pre-IC DNA > 16200 copies/ml, RR < 95.127% v 39.1%
RPA2 NO-1, Post-IC DNA = 0 | 93.8%
N2-3, Pre-IC DNA < 16200 copies/ml I 79.8%
NO-1, Post-IC DNA > 0 U 79.8%
N2-3, Pre-IC DNA > 16200 copies/ml v 60.8%
TIN1/T2NO-1 I 91.2%
TNM T3NO-2/T1-2N2 n 87.2%
T4NO-3/T1-3N3 v 72.8%

Pre-IC DNA, pre-treatment Epstein-Barr virus DNA load; Post-IC DNA, plasma Epstein-Barr virus DNA load after induction chemotherapy; RR, regression rate; OS, overall survival.





OEBPS/Images/fonc-11-689593-g006.jpg
>

® % w
1
3 § -
i
o “
o — cros woroms » P —
— 4 et e
© 12 24 3% 48 e 72 84 9 108 120 I
g R e R Y e
Somim e W T @ om @ % B o0 3 0 emgwia w0 ® B N omoh o530
c o
e i
) e
i i
5 3
I EPR————— | ) I cros womom
i — f Pt

N I I R
umper stk gt g, Nomber st i)

Tomgm s 3 2 m w8 s 4 1 9 0 mmgws 2 u = ow 7 4 2 0 9 0
R L 2R a2 et Yy Rt





